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Announcement on the International 


Yard and Pound | 


Te DIRECTORS of the following standards laboratories: 


Applied Physics Division, National Research Council, Ottawa (Canada) 
Dominion Physical Laboratory, Lower Hutt (New Zealand ) 
National Bureau of Standards, Washington (United States of America) 
National Physical Laboratory, Teddington (United Kingdom) | 
National Physical Research Laboratory, Pretoria (South Africa) 
National Standards Laboratory, Sydney (Australia) 
have discussed the existing differences between the values assigned to the yard and to the 
pound in different countries. To secure identical values for each of these units in precise 
measurements for science and technology, it has been agreed to adopt an international 


yard and an international pound having the following definition: 


the international yard equals 0.9144 metre; 
the international pound equals 0.453 592 37 kilogramme. 

It has also been agreed that, unless otherwise required, all nonmetric calibrations 
carried out by the above laboratories for science and technology on and after July 1, 1959, 
will be made in terms of the international units as defined above or their multiples or 
submultiples. 


Background and Use of the International Yard and Pound 


The international inch, derived from the interna- 
tional yard, is exactly equal to 25.4 mm. This value 
for the inch has been legally adopted by Canada. Also, 
this value was approved by the American Standards 
Association for “Inch-millimeter conversion for indus- 
trial use” in 1933 (ASA Standard B48.1—-1933), was 
adopted by the National Advisory Committee for Aero- 
nautics in 1952, and has been adopted by many stand- 
ardizing organizations in other countries. 

At present, for the calibration of line standards and 
end gages having nominal lengths expressed in inches, 
the National Bureau of Standards is using the inch 
defined by the Mendenhall order (Fundamental Stand- 
ards of Length and Mass, Bulletin No. 26, United 
States Coast and Geodetic Survey by T. C. Menden- 
hall), published in 1893. The values corresponding to 
this order are approximately: 


1 yard =0.91440183 meter ; 
1 inch= 25.4000508 millimeters. 


These are derived from the exact relation 


__ 3600 
1 ‘yard= 3037 


meter. 


The inch used by the National Physical Laboratory of 
the United Kingdom for its calibrations is defined by 
the equation 


1 inch= 25.399956 mm. 


It will be noted that the international inch is approxi- 
mately 2 parts per million shorter than the inch pres- 
ently used by the National Bureau of Standards, and 
somewhat less than 2 parts per million longer than the 
inch now used by the National Physical Laboratory. 
To avoid possible confusion, during the transition pe- 
riod, National Bureau of Standards calibrations of 
- leneth or mass expressed in English units will embody 
a statement indicating clearly the unit which has been 
used if the choice introduces a significant difference in 
the calibration values. Furthermore, if the accuracy 
of the calibration is such that the certified values would 
be the same in either “international” units or the older 
units, the qualifying adjective “international” will not 
be used, i. e., the values will be expressed, for example, 
as so many inches or pounds. 

The Coast and Geodetic Survey has requested the 
following exception with which the National Bureau 
of Standards concurs. 


Any data expressed in feet derived from and published as a 
result of geodetic surveys, shall tacitly bear the relationship: 


2 ; : : : é 
One foot equals 3 international meter. This relationship 
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shall continue in being, for the purpose given herein, until such 
a time as it becomes desirable and expedient to readjust the 
basic geodetic survey networks in the United States, after 
which the ratio, as implied by the international yard, shall 
apply. 


This unit shall be referred to as the American Survey 
Foot. Inasmuch as there is little or no interchange of 
survey data, where the foot measurements are used, 
with industrial and scientific data, where the interna- 
tional units will be used, it is anticipated that no con- 
fusion will result from this dual usage. For example, 
base line surveys which might enter into a velocity of 
light determination would invariably be made in terms 
of meters. 

The values of the pounds currently in use in the 
United States, United Kingdom, and Canada are as 
follows: 


1 United States pound= 0.453 592 4277 kilogram 
1 British pound= 0.453 592 338 kilogram 

1 Canadian pound= 0.453 592 43 kilogram 

1 International pound= 0.453 592 37 kilogram. 


The relative differences in the various pounds are 
substantially less than in the yards, but since masses 
can be measured with greater accuracy than lengths, 
the differences can be significant. The present British 
pound is about | part in 10 million smaller than the 
international pound, whereas the United States and 
Canadian pounds are about 11% parts in 10 million 
larger. 

The conversion factor for the international pound 
was selected so as to be exactly divisible by 7 to give 
the following value for the grain: 


1 international grain=0.06479891 gram. 


The grain is the common unit in avoirdupois, apoth- 
ecary, and troy pounds. There are 7,000 grains in the 
avoirdupois pound, and 5,760 grains in both the 
apothecary pound and the troy pound. 

The standard United States gallon and the Imperial 
gallon are so substantially different that a compromise 
international gallon was not practicable. The United 
States gallon is defined as equal to 231 in.* On the 
other hand, the Imperial gallon is defined as the vol- 
ume of 10 lb of water under specified standard con- 
ditions. A fairly exact relationship is: 


1 Imperial gallon= 1.20094 United States gallons, 
or less exactly 
1 Imperial gallon= 6% United States gallons. 


Nore: For further information, see Standardization of 
the inch, NBS Tech. News Bul. 42, 41 (March 1958). 
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Report on 1958 Meeting of the International Committee 
on Weights and Measures 


HAS important and nearly final step toward 
achieving an atomic definition for the meter * 
was reached at Sévres, France, in October 1958. 
The International Committee on Weights and Meas- 
ures met at the International Bureau of Weights and 
Measures to consider a number of matters which 
will be taken up for final action at the 11th General 
Conference on Weights and Measures, scheduled to 
be held in 1960. After considering the reports and 
recommendations of its Advisory Committee on the 
Redefinition of the Meter, the Committee agreed to 
submit the following resolution to the General 
Conference: 


Resolved, That the meter is a length equal to 1,650,763.73 
wavelengths in vacuum of the radiation corresponding to 
the transition between the energy levels of 2pi and 5d; of 
the atom krypton 86. 

The definition of the meter in effect since 1889, based on 
the platinum-iridium international prototype, is abrogated. 


The Committee also reached a number of addi- 
tional decisions, the two most significant being to 
recommend a number of revisions in the Treaty of 
the Meter and to establish a program in the stand- 
ards for the measurement of ionizing radiations. 
The Treaty of the Meter has been revised only once 
(in 1921) since its original promulgation in 1875. 
The changes in the Treaty which the International 
Committee agreed upon, would provide for increased 
scope and activity in the work of the International 
Bureau of Weights and Measures and would provide 
for greater flexibility in the funding and adminis- 
tration of the International Bureau. The changes 
which the Committee agreed to would enable the 
International Bureau better to keep abreast of ad- 
vances in science and technology. The proposed 
changes will be submitted to the governments which 
adhere to the Treaty of the Meter and will be voted 
upon formally when the representatives of these gov- 
ernments convene at the 1960 General Conference. 

The first step in the plan of the International Bu- 
reau to engage in a program involving standards 
for measuring X-rays and radioactive materials is 
the establishment of an Advisory Committee on 
Standards for Measuring Ionizing Radiations. This 
Committee is now being formed under the chair- 
manship of Dr. A. V. Astin, Director of the Na- 
tional Bureau of Standards and a member of the 
International Committee. The Advisory Committee 
is planning to hold its first meeting in April 1959. 
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According to the Treaty of the Meter, responsi- 
bility for the work of maintaining and extending the 
metric system of measurement resides in the Inter- 
national Bureau of Weights and Measures. Included 
also are the temperature scale and standards for 
electrical and optical measurements. The work of 
the International Bureau is supported by contribu- 
tions from the 35 nations that adhere to the Treaty. 
Final responsibility for supervising the work of the 
Bureau resides in a General Conference on Weights 
and Measures, consisting of formally designated 
representatives of the adhering governments. Nor- 
mally the Conference meets every six years. To 
carry out detailed supervision of the International 
Bureau and to develop technical and policy recom- 
mendations for the General Conference, the Confer- 
ence has established an executive committee called 
the International Committee on Weights and Meas- 
ures. This Committee consists of 18 individuals, 
each from a different country. Thirteen of the 
eighteen members of the Committee met at Sévres 
from September 29 through October 3 and partici- 
pated in the discussions which led to the agreements 
reported above. The individuals present were: 

A. Danjon, President (Director, Paris Observatory, Paris, 

France) 

A. V. Astin (Director, National Bureau of Standards, Wash- 

ington, D. C.) 

H. Barrell (Superintendent, Division of Metrology, National 


Physical Laboratory, Teddington, England) 

dhe oe Boer (Professor, University of Amsterdam, The Nether- 
ands) 

G. D. Bourdoun (Vice-President, Committee of Standards, 
Measures, and Measuring Instruments, Moscow, USSR) 

G. Cassinis (Rector and Professor, Polytechnic School of 
Milan, Italy) 

N. A. Esserman (Director, National Standards Laboratory, 
Chippendale, Australia) 

J. M. Otero (Director, Institute of Optics “Daza de Valdes”, 
Madrid, Spain) 

M. Siegbahn (Director, Nobel Institute for Physics, Stock- 
holm, Sweden) 

J. Stulla-Gétz (Oberrat, Bundesamt fiir Eich-und Vermes- 
sungswesen, Vienna, Austria) 

R. Vieweg (President, Physikalisch-Technische Bundesan- 
stalt, Braunschweig, Germany ) 

Z. Yamauti (Department of Applied Physics, University of 
Tokyo, Japan) 

L. E. Howlett (Director, Division of Applied Physics, Na- 
tional Research Council, Ottawa, Canada) 


* For further details, see Light wave of mercury 198 
as ultimate standard of length, NBS Tech. News Bul. 
31, 133 (Dec. 1947); Standardization of the inch, 
NBS Tech. News Bul. 42, 41 (March 1958). 
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Apparatus used to determine 
changes in specimen length 
with temperature. Shown are 
the program controller (left), 
furnace (center), dilatometer 
assemblies (above furnace), 
and two recorders (right) for 
indicating differential length 
change and temperature. 


Heat Treatment of 
High -Temperature Cements 


OR SOME TIME the Bureau has been investigating 

the preparation and properties of heat-resistant con- 
cretes, commonly known as refractory castables. These 
castables are prepared from a mixture of aluminous 
cements ' and heat-resistant aggregates. When com- 
bined with water, the mixture can be cast like concrete. 
After curing, the cast is suitable for use over a wide 
range of temperatures. 

Refractory castables are used whenever a rigid, heat- 
resistant, monolithic material is desired. A recent ap- 
plication was the construction of missile-launching pads 
at Cape Canaveral, Florida. Refractory castables are 
also used in furnaces where a heat-resistant lining is 
required. 

At temperatures up to about 1,100° C, it is the alumi- 
nous cement that determines the properties of a refrac- 
tory castable. Although considerable information is 
available on the chemistry of these cements, the mecha- 
nisms involved in their hydration and dehydration are 
not yet fully understood. 

To learn more about these mechanisms, S. J. Schnei- 
der investigated * the compound compositions of some 
hydrated and dehydrated aluminous cements. An at- 
tempt was made to relate any changes in composition 
following heat treatment to changes in physical prop- 
erties. In general, the results showed a significant cor- 
relation between changes in mechanical properties and 
compound composition. 

Four commercial aluminous cements, two domestic 
and two foreign, were investigated. These cements 
provided material having a fairly wide range of silica 
and iron-oxide content. A water-cement ratio of 0.25 
was used to prepare test specimens of two sizes, 1 by 1 
by 7in. and 1 by 1 by 12in. The hydrated specimens 
were cured for 28 days at 25° to 27° C and between 95 
and 100 percent relative humidity prior to heat treat- 
ment. All heat treatments at 200° C and above were 
performed in a furnace heated by silicon-carbide re- 
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sistance elements at the rate of about 100 deg C/hr with 
a 2-hr soaking period at the top temperatures. For heat 
treatments below 200° C, the specimens were placed 
directly in a conventional drying oven, which was then 
maintained at the desired temperature level for 48 hr. 

Both X-ray diffraction and differential thermal anal- 
ysis were used for compound identification. X-ray pat- 
terns were made at room temperature before and after 
hydration of each cement and after heat treatment of the 
hydrated specimens. Differential thermal analysis was 
performed by placing a cement sample and a reference 
material in a furnace and increasing the temperature 
at the rate of 8.5 deg C/min. The temperature of the 
cement sample and its deviation from that of the ref- 
erence material were continuously recorded during 
the entire heating period. 

The dehydration characteristics of three hydrates 
commonly found in hydrated aluminous cements were 
also studied to facilitate the identification of the hy- 
drated constituents of the cement specimens. These 
compounds were CaQ-Al.O;:10H,0, 3CaQ-Al.O;- 
6H.O, and Al,O;:3H.O. Differential thermal analysis 
patterns showed characteristic endothermic peaks for 
the three compounds as well as for the hydrated speci- 
mens prepared from the commercial cements. The 
number of peaks indicated that dehydration of the 
samples occurred in a stepwise process common to 
many types of clays. 

Young’s modulus of elasticity was determined for 
the 1- by 1- by 12-in. specimens both before and after 
heat treatment. A sonic method was used in which 
the specimen was vibrated in flexure with frequencies 
up to 25,000 cps. This vibration is sensed by a phono- 
graph pickup and fed to an oscilloscope, where the 
resonant frequency is located by means of Lissajous 
figures. The resonant frequency is accurately deter- 
mined from an electronic frequency counter and is 
used to calculate Young’s modulus. 
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Upon completion of the dynamic elasticity measure- 
ments, the specimens were placed in a transverse test- 
ing apparatus and loaded to failure. 

Changes in length with temperature were measured 
with a dilatometer for hydrated specimens that had 
received no prior heat treatment. The specimens were 
placed in a furnace and data obtained for two separate 
heating and cooling cycles. 


Dilatometer and its related parts used to measure thermal 
length changes of hydrated aluminous cements. 


It was found that elasticity and strength decreased 
between room temperature and 50° to 75° C because of 
the partial dehydration of CaO-Al,O,-10H.O and the 
formation of 3Ca0-Al,0,;-6H,O and Al,O,-3H.O. 
However, the specimens honed a high rate of expan- 
sion up to about 110° C. Between 75° C and 110° C, 
the strength increased because of increased crystallinity 
of 3Ca0-Al, 20;°6H,O and Al,0,:3H.0. At about 
100° C to 300°-500° C, the strength and the expansion 
rate decreased because of complete dehydration of all 
three hydrates. The modulus of elesticity was rela- 
tively constant in the range from 300°—500° C to 1,100° 
C, indicating that elasticity is less sensitive to changes 
in composition and structure. Above 700° C all 
cements exhibited decreased strengths. Above 800° C 
differences became apparent in the length changes of 
the four cements because of differences in composi- 
tion. Also, sintering occurred at these high tempera- 
tures, resulting in rapid contraction of the cement. 

Thus, the laboratory studies showed that many 
changes in the mechanical properties of aluminous 
cements are directly related to corresponding changes 
in compound composition. For example, the dehydra- 
tion of CaQ-Al,0O;-10H.O, 3CaO-Al,0,:6H.O, and 
Al,O;-3H.0 produced an over-all reduction in strength 
and modulus of elasticity as well as an appreciable 
contraction of the cements. Also, the grain size, 
crystallinity, and sintering characteristics of each con- 
stituent compound and the solid state reactions between 
these compounds influenced the mechanical properties 
to varying degrees. 


* Aluminous cements differ from portland cements by 
being essentially composed of calcium aluminates rather 
than calcium silicates. 

*For further details, see The effect of heat treatment 
on the constitution and mechanical properties of some 
hydrated aluminous cements, by S. J. Schneider, J. Am. 
Ceram. Soc. (in press). 


Torsional Streneth of Small-Diameter Wire 


| Bee: Bureau has completed an investigation of the 
torsional fatigue properties of small-diameter, high- 
carbon steel wire for the Springfield Armory, Army 
Ordnance Corps. Part of a broad program of metal- 
lurgical research, this work constitutes one phase of 
continuing effort to improve the performance and re- 
liability of springs used in ordnance devices. Data de- 
rived from tests made on springs and reversed torsion 
tests on straight-wire specimens showed close agree- 
ment. From the experimental results, it appears that 
the behavior of small-diameter spring wire can be more 
realistically determined from torsion tests than from 
the conventional tensile tests now used as a criterion.' 

Specifications for small-diameter spring wire are 
usually based on tensile strength. However, previous 
work * had indicated that tensile strength is not an ade- 
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quate measure of the expected performance of wire 
when it is coiled in helical extension or compression 
springs. The present study was undertaken to deter- 
mine the metallurgical factors that influence the re- 
sistance of wire to fluctuating loads, and to devise a 


Testing machine developed for performing reversed tor- 
sion tests on small-diameter spring wire. A 3-in. long 
specimen is fastened between two grip heads that oscillate 
individually when the machine is in operation. 


satisfactory method of evaluating this resistance. Also, 
since little published information is available on the 
effects of shot peening on the mechanical properties of 
springs, this factor was evaluated during the investi- 
gation. 

H. C. Burnett of the mechanical metallurgy labora- 
tory conducted the present study on three different types 
of wire: A cold-drawn music wire; an oil-tempered 
music wire; and a wire fabricated from a special heat 
of vacuum-melted steel. The carbon contents of all 
three were nearly the same—0.86 to 0.89 percent—and 
they were all drawn to the same 0.039-in. diameter. 
Two fatigue-testing machines * were used, one for the 
springs and the other for the straight-wire specimens. 

Stress versus cycles-to-cracking curves were derived 
from the test results. These curves showed, at a nomi- 
nal shear stress range of 140,000 Ib/in.’, that the fatigue 
life of springs coiled from the vacuum-melted wire was 
about twice that of springs made from the cold-drawn 
music wire. As the primary difference in the two ma- 
terials is in the size and number of inclusions each con- 
tains, the difference in fatigue life may be attributed 
chiefly to the greater cleanliness of the vacuum-melted 
material. 

The curve obtained for springs of the oil-tempered 
wire at the same stress range showed an increase by a 
factor of 5 over the cold-drawn wire. Here the differ- 
ence in the two wires is in their metallurgical structure. 
The cold-drawn wire possesses a highly cold-worked 
structure in which the grains have been fragmented and 
elongated along the axis of the wire, providing longi- 
tudinal planes that are inherently weak. When the wire 
is stressed in torsion, these planes lie parallel to a plane 
of maximum shear stress and afford avenues for the 
easy propagation of longitudinal fatigue cracks. In 
contrast, the oil-tempered wire has relatively uniform 
grains of tempered martensite. As recrystallization has 
taken place, the inherent planes of weakness have been 
removed, and the grains are more resistant to torsional 
fatigue stressing. 

The same stress versus cycles-to-cracking rela- 
tionship was determined for the straight-wire speci- 
mens of the three different types of wire. Excellent 
correlation was found in the results of the two test 
methods, with the spring specimens giving a slightly 
better performance than the straight wire. This be- 
havior is ascribed to the beneficial residual stress set 
up in the springs by the presetting operation. 


Several wire springs can be tested simultaneously in this 
machine. Here a cathetomeier is used to measure the 


coil deflection of one of the springs in position for 
testing between two steel plates. 
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Results obtained with cold-drawn (A) and oil-tempered 
(B) straight-wire samples in reversed torsion tests are 
compared with the results obtained with springs (A’ and 
B’) made from the same two wires. The slightly better 
performance of the springs in the region of overlap is 
attributed to the beneficial residual stress set up in the 
springs by the presetting operation. 


Little correlation was found between the known 
tensile strength and the torsional fatigue properties 
of the various wire specimens. In fact, the oil-tem- 
pered wire showed the highest resistance to crack initia- 
tion, although its tensile strength is the lowest of the 
three types tested. 

To evaluate the effects of shot peening, both the 
straight-wire specimens and the springs were given a 
30-min treatment with a 0.009-in. diameter shot, and 
then were stress relieved at 450° F for 30 min. In all 
cases, shot peening increased significantly the fatigue 
life of the specimens when they were subsequently 
stressed in torsion. This result is attributed to the 
highly cold-worked surface layers and the multiplicity 
of round-bottomed stress raisers or dents caused by the 
shot peening. These dents along the wire surface tend 
to distribute the applied stress, thus reducing the effect 
of any single-stress raiser that may have been caused 
by die marks or imperfections formed during wire 
fabrication. 


*For further technical details, see Torsional fatigue 
properties of small diameter high carbon steel wire, by 
H. C. Burnett, Trans. ASTM, Preprint No. 70 (1958). 

*Endurance of helical springs related to the proper- 
ties of the wire, by H. C. Burnett and C. L. Staugaitis, 
Metal Prog. 64, 77 (1953); and The behavior of long 
helical springs under fluctuating load, ibid., Proc. ASTM 
55, 918 (1955). 

“Fatigue properties of music wire and springs, VBS 
Tech. News Bul. 38, 37 (1954) ; and Fatigue testing ma- 
chine for spring wire, ibid. 41, 63 (1957). 
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TANTALUM GRADIENT FURNACE 


4 Pa Bureau is making use of an unusual type of 
furnace which readily provides steady tempera- 
ture conditions between selected temperature limits. 
Simply constructed to any desired size, this furnace 
appears applicable to most processes that require a 
temperature gradient. 

The furnace was designed by L. Marton and J. A. 
Suddeth of the electron physics laboratory for use in 
preparing thin metal films of different average-crystal- 
lite size, which are used to study electron scattering. 
As these films are deposited by vacuum evaporation on 
rock salt crystals heated to various temperatures, a 
compact, simple furnace was needed. The resulting 
device is finding wide application. For example, it is 
being considered, with suitable adaptations, for meas- 
urements of the thermoconductivity of metals at very 
high temperatures as part of the Bureau’s building 
technology program. 

The furnace consists essentially of three tantalum 
strips, spot-welded together in the form of an H. The 
model used in crystal growing work has a crosspiece 4 
in. long, 4% in. wide, and 0.005 in. thick; the legs are 
3 in. long, 14 in. wide, and 0.01 in. thick. Thermo- 
couples for temperature measurements are placed at 
various points along the crosspiece between the legs of 
the H, which are heated by separate 150-amp 10-v 
transformers. The heating current for this arrangement 
will maintain either end of the crossbar at any selected 
temperature between room temperature and 900° C. 
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Temperature-gradient furnace. Three tantalum strips 
are spot-welded together. Legs of H thus formed are 
heated by electric circuits. Thermocouples measure the 
temperatures at points along the gradient bar. 


The size of the H furnace can be modified to fit 
any particular application, and temperature limits can 
be extended in both directions. Tantalum will with- 
stand temperatures from the liquid-nitrogen range up 
To.2,0002 .C: 

Hour tests at temperature differences as great as 
500 deg C have shown that temperature remains con- 
stant to 1 deg. Such steady temperature conditions 
are rapidly attained because the furnace has a small 
mass compared to the available electrical power and 
outgassing from components is negligible. Although 
the temperature distribution is not linear, this causes 
no difficulties, for the temperature can be directly 
measured at any point along the bar. 


EIGHTS and measures are as old as civiliza- 

tion, but they are far from static. . . . The 
unfolding atom and space age with its unprece- 
dented scientific discovery and technological de- 
velopment calls for corresponding advances in 
standards and their application to science, industry, 
commerce, and trade. The responsibility for prog- 
ress does not rest alone with the National Bureau of 
Standards—it must be shared by everyone con- 
cerned with standards. 

Progress brings new methods of measuring. 
Land measurements, for example, once based on 
the familiar steel tape, are now being made in cer- 
tain instances by electronic equipment which de- 
termines the distance between two points by measur- 
ing the time required for radio waves to travel from 
one point to the other and return. The weighing 
of heavy loads, once done exclusively by mechanical 
means, may, in many instances, be accomplished 
more quickly, and even with loads in motion, by 
means of resistance-wire strain gages (load cells), 
with minute changes in electrical resistances being 
amplified electronically for direct reading or for 
recording. Undoubtedly electronic equipment also 
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NEW TRENDS IN STANDARDS 


Excerpts from a talk by A. T. McPherson, Associate Director, National Bureau of Standards, before the South- 
ern Weights and Measures Association, 13th Annual Conference, Charleston, S. C., October 28, 1958 


wrrriiiiiitiiiiiiititiit ltt i lt iiiiiitiiirt rr r PTT ErTrriTrrre irri rr rrr) 


will come into use in other weighing and measuring 
operations. 

The increasing use of atomic power brings addi- 
tional problems. Radioactive materials are being 
introduced into a wide variety of everyday uses. 
Atomic power plants are already in operation on 
an experimental basis in several cities. Extensive 
studies are being made on the radiation sterilization 
of food, and present indications are that, instead of 
canning or freezing foods, it may soon be practicable 
simply to seal meats, vegetables, and other foods in 
plastic containers and to preserve them by steriliza- 
tion under intense radiation. Nearly every hospital 
now uses radioactive materials in a variety of ways 
for the diagnosis and treatment of disease. Indus- 
try likewise uses radioisotopes, such as cobalt 60, to 
detect flaws in castings and fabricated parts, and 
even to observe internal working elements of ma- 
chines, in much the same manner as the doctor or 
dentist uses X-ray equipment. These manifold 
uses are not without hazards, so, to control such 
hazards, States have begun to enact laws prescribing 
conditions under which radioactive materials may 
be used. 
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Experimental Map Papers Containing, 
Synthetic Fibers 


4 bees Bureau, in work sponsored by the Army 
Engineer Research and Development Laboratories, 
has investigated the strength characteristics of synthe- 
tic-fiber map paper. Tests for dimensional stability, 
folding endurance, and bursting and tearing strengths 
were made on specimens of three experimental hand- 
sheets and two commercially produced papers. Re- 
sults show that a polyester-cellulose sheet has high 
dimensional stability, a prerequisite for military map 
paper, and better strength properties than commercial 
map paper. A paper containing polyamide fibers has 
low dimensional stability, but exceptional folding, tear- 
ing, and bursting strengths." 


Similar tests were conducted on machine-made paper 
containing 40 percent synthetic fiber, 40 percent cellu- 
lose rag fiber, and 20 percent acrylic binder. Only 
two of the synthetic fibers, polyester and polyamide, 
were used in the machine-made paper. Results of 
these tests were compared with identical tests on com- 
mercial map paper. 

In general, test results of the handsheets and the 
machine-made paper follow the same pattern. The 
polyester-cellulose sheets are superior in dimensional 
stability to moisture, and have higher bursting, fold- 
ing, and tearing strengths than does regular map paper. 
The polyacrylic-cellulose sheets, tested only in the form 


Comparison of test results for handsheets from blends of 75 percent synthetic fiber and 25 percent cellulose fiber with 100 percent 
cellulose handsheets 


Test results 


Tests performed 


50:50 cotton and | 
linen waterleaf 


75% nylon 75% polyacrylate 75% polyester 


Basis weight, (Wi7x222500) Bae se ee re ee pes 
T bi@kwiess< 2. Se. Seah ft sek ey als ae ee kere ey een ims 
Expansivity for relative humidity change between 65 and 50%__--%_- 
Foldineiendurance; Sehopperos. =e ee double folds__ 
Bursting Str ene thie see Se ener eee See re ee ee points__ 
Tensile strength: 

IDTyWSes 2 Bee ee re Seen fae, See eae ee keg/15 mm_ 

Wet. 222 52 Se Be Se. See ee ee kg/15 mm_ 
‘Tearing Strong tiie eee 2 eee eee ee eee ee gis 


23.8 34 6 30. 2 31.9 
0. 0054 0.0118 0. 0059 0. 0108 
sees ees . 25 . 037 . 014 
200(approx.) 100, 000 4, 260 31, 690 
46 122 86 76 
25. 6 6.1 5.8 4.4 
25 2.0 1.3 3.5 
156 864 323 590 


For many years the Bureau has conducted research 
on the properties of paper and related materials. In 
previous experiments a dimensionally stable paper, 
that is, a paper with low moisture expansivity, was 
developed by laminating two thin sheets to a backing 
of polyester film.’ G. L. McLeod undertook the pres- 
ent study to find out whether synthetic fibers with 
less affinity for water than cellulose could impart the 
desired moisture stability to map paper. Also, while 
cellulose is and probably will remain the backbone 
of the paper industry, growing interest is being dis- 
played in the use of synthetic fibers to improve the 
properties of special-purpose papers. 

Initial attempts to prepare handsheets from a sus- 
pension containing 100 percent synthetic fibers were 
unsuccessful. The sheets tore and disintegrated when 
removed from the mold. A suspension was then pre- 
pared containing cellulose fibers and synthetic fibers 
in a 1 to 3 proportion. From this suspension it was 
possible to produce handsheets that could be manipu- 
lated and treated with an acrylic binding agent. After 
treatment, the sheets were dried for 1 hr in a forced- 
air oven, and cured in a flat-bed press at 160° C with 
a_ pressure of 300 lb/in for 45 sec. The synthetic 
fibers in the three different handsheets were polyester, 
polyacrylate, and polyamide (nylon). Results of tests 
on these handsheets were compared with results ob- 
tained from all-cellulose sheets made with the same 
handsheet apparatus.° 
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Test results of machine-made polyester-rag, nylon-rag, and commercial map paper 


50:50 polyester- 50:50 nylon-rag Commercial map Federal specifi- | 
Tests performed rag paper cation require- 
ments @ 
| 
(ebosisawelohts(17%22-500) see. =. ee ee Hoy 26.2 22. 6 O37 8 al) 24 25% 
Expansivity for relative humidity change between 65 and 50%: : 
iMigrettiniercinec lon setae owes a ates eens ey wt ee er %_- 0. 059 0. 196 0.071 0.075 max. | 
ross direction: 405 sane. esee eeen ee ea NTs O78 10 a He) 21 . 25 max. | 
Ipvanignimess = es < 22 ee: ae Seeee8 ps Bee. eee %_ 83. 1 82.1 71.7 he 7051 | 
ACIOUG Vee) EL Ot EXELAChiOMl) eases cane ee en eee ee es Se 4.8 6.7 | 5.0 | 4.5 
Smoothness (Bekk)_-__________ i et APR Or ke EL sec_- 33 8 60 | 50 to 100 | 
Water resistance, dry indicator____ ae Cee eee SECON 94 he 70 55 
DNICKMOSS etree ee BOS Ae ae. bee a oe ese AAD a 0. 0052 0. 0054 0. 0041 0. 0042 + 0. 0005 
Folding endurance, Schopper: 

Machine direction. 244 2guG see ee ee eae double folds__ 14, 300 4(), 000 1, 410 1, 000 
Grossjdinecbion a= Se oe sass te ate 2 ee double folds_- 11, 300 13, 500 1, 300 1, 000 | 
| Bursting strength: 
11S) recy eae we a Se Ree ee py Bae, es WA points__ 49 50 50 50 | 

AWG RD 53 Si ee ee a ee ee es eee =points= 46 30 30 20 | 

Tensile strength, dry: 
Machine rdanection se ee ie Bes ee eee kg/15 mm __ 7.5 6.5 11.8 11.0 
Gross;durechlonces = se sewe | oaks. eee ee See ee kg/15 mm__ 5. 2 4.5 6.8 6.0 

Tensile strength, wet: | 

Machine direction______- Se ea ee Pp kg/15 mm_- 3 4 4 3.5 

GPO SSTOAREC DIOL) = ee ot eee Sy ae See aan, SAE eee ee kg/15 mm_-_ 4.2 2.3 2.8 220 

Tearing strength: 
WEACH Me pCuinOCtiOl os. Seen we we eee! Pee ee pe oe gee 151 168 85 95 
Ter OsscireChionas. oo: = ee fey Se ee a ee et 141 108 94 95 

(GOR CUE a rok ae Se ae es ee eee en mes ae 75. 8 67. 1 93. 2 91.0 


s All figures are minimum values unless otherwise designated. 


of experimental handsheets, are superior to the 
polyamide-cellulose and the all-cellulose sheets in di- 
mensional stability but inferior to the polyester-cellu- 
lose sheets. The polyamide-cellulose paper has the 
lowest dimensional stability of all of the papers tested, 
which makes it unsuitable for map paper. However, 
because of its exceptional folding endurance and high 
tearing strength, this paper may prove to be valuable 
for other purposes. 

No difficulties were encountered in printing on the 
synthetic-fiber papers, in either black and white, or in 
the regular five-color lithographic process used for 
Army maps. The smoothness and opacity ratings of 
the synthetic fiber sheets are lower than those of regu- 
lar map paper, but these are minor deficiencies which 
can be easily overcome. That the synthetic-fiber pa- 


pers have less dry tensile strength than commercial 
map paper is attributed to the low fiber-to-fiber bond- 


To determine the properties of experimental map paper, 
specimens are tested in apparatus that measures: Left— 
moisture expansivity; above—folding endurance; and 
right—bursting strength. 
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ing in the synthetics. Dry tensile strength, however, 
is a relatively unimportant factor in papers used for 
military maps. 


* For further technical details, see Properties of some 
experimental map papers containing synthetic fibers, by G. 
L. McLeod, TAPPI 41, 430 (1958). 

*Improved dimensional stability in laminated paper, 
by G. L. McLeod and Thelma L. Worksman, TAPPI (in 
press) ; and Improved map paper, NBS Tech. News Bul. 
42, 148 (1958). 

* Preparation of fiber test sheets, by M. B. Shaw, G. WV. 
Bicking, and L. WV. Snyder, Paper Trade J. 90, No. 16: 
T. S. 69 (1930). 


HE BUREAU has developed a photoelectric device 
that automatically and continuously indicates the 
position of the swinging beam of a high-precision 
balance.’ At the same time it provides a greatly in- 
creased reading sensitivity, the minimum readable dis- 
placement on the scale being 0.0001 in. as compared 
with 0.004 in. for the conventional visual method. 
Design and construction of the apparatus are due 
primarily to L. B. Macurdy and H. A. Bowman. Con- 
sultation was provided by M. L. Greenough and T. R. 
Young, also of the Bureau staff; and the instrument 
was fabricated largely in the Bureau’s instrument 
shop. 


Primarily a Research Tool 


The device was developed primarily as a research 
tool for obtaining a better understanding of balance 
errors; data from such studies are now being accumu- 
lated and will be used in working out improved bal- 
ance designs. The photoelectric reader can provide 
data on the motion of the balance beam (i. e., of the 
horizontal arm from which the balance pans are sus- 
pended) in two forms: (1) As a voltage whose magni- 
tude represents the instantaneous position of the beam; 
or (2) as numerical data that represent turning points 
(extremes of the swing), from which masses may be 
calculated. A plot of the output voltage on a recorder 
forms a graph that can be used in evaluating the 
dynamic characteristics of the oscillating structure. 
The turning points are read from a dial that ordinarily 
indicates the instantaneous position of the beam, but 
which remains stationary for a brief interval after each 
turning point is reached. 

Though primarily a research tool, the photoelectric 
device also contributes in a more direct way to reduce 
the errors in precision mass measurements. Major 
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errors in such measurements are due to small changes 
in temperature and humidity that occur during the 
course of the experiment. Since the automatic reader 
makes it possible to increase the speed of balance 
operations by from 5 to 10 times, it shortens the inter- 
val during which these changes in ambient conditions 
can act. [aster operation also increases the “on scale” 
range of the balance; and this permits the use of 
larger—and hence more accurate—sensitivity weights. 
The disadvantage of high-speed operation is that it 
ordinarily results in losses of readability and deflection 
sensitivity. However, the high-reading sensitivity of 
the present instrument more than compensates for 
these losses. 

The position of the balance beam is represented 
by the angle turned through by the lead screw. The 
latter drives a dial which has a single turn of free 
play so that when the direction of the lead screw re- 
verses (i. e., at a turning point) the dial remains 
motionless for one revolution of the screw. To ob- 
tain a voltage proportional to the position of the 
balance beam, the lead screw is mechanically coupled 
to the pickoff arm of a precision potentiometer. 


J 
5 SECONDS OF ARC ] 
IN ANGULAR POSITION = fi) 

/ 


OF BALANCE BEAM 


ne 
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Automatic reader is put into operation. Photocell, 
which is driven by a servo loop to follow a light beam 
from the balance (not shown), is here brought into 
initial alinement with the light beam. Telescope 
(above) is used for conventional visual observations of 
the balance beam. 


Basic Design of Reader 


The basic design of the reader is fairly straight- 
forward. A narrow beam of light is sent towards the 
balance and is reflected by a mirror on the balance 
beam back to the slit at the front of a photocell. Be- 
sides swinging with the motion of the balance, the light 
beam has a small 60-cps vibration of its own (ampli- 
tude about 1 min of arc). This facilitates the design 
of a servo loop to maintain the photocell slit centered 
on the light beam. When light beam and slit are not 
in line, an “error signal” is generated, and this con- 
trols a two-phase motor that turns the lead screw on 
which the photocell is mounted. By suitable design 
and adjustment of the components, the photocell is 
made to follow the swinging light beam to within about 
0.0002 in., corresponding to 4% 10-° degree in the 
angular position of the balance arm. 


Continuous record of balance-beam 
motion, made with automatic-read- 
ing device. At left, balance was 
under the influence of unstable air 
masses caused by small thermal dis- 
turbances inside the balance case. 
At right, after the air had become 
quiescent, only very low-level back- 
ground “‘noise”’ was detected. Note 
that operation of the reader was sus- 
pended for about 70 min starting at 
approximately 12:24 p.m.; also, 
that the recorder pen was recentered 
twice when the indication went off 
the paper during the disturbed 
period. 
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Background Noise 


Zero. stability. of the apparatus,-determined from 
observations on a light beam reflected from an ar- 
rested (and, therefore, presumably motionless) bal- 
ance, has a peak value of about 0.002 in./hr. This 
drift changes direction roughly twice daily, and may, 
therefore, be associated with some diurnal motion of 
the building or piers. There are occasional bursts of 
“noise” of about 0.0003 in., some of which have 
been correlated with starting and stopping of building 
elevators. However, the total effect of all noise is not 
considered serious enough to warrant additional noise 
studies at this time. 


Comparison with Conventional 


M ethod 


The effectiveness of the automatic reader as a tool 
for investigating the errors of precision balances rests 
on the considerable improvement in reading accuracy 
that it provides. This improvement appears very 
clearly from the results of a test in which readings were 
taken simultaneously by the old and new methods. An 
experienced telescopic observer made readings—on the 
fly—of the turning points in the moving image of a 
millimeter scale, reading directly to millimeters and 
estimating tenths of millimeters. Another observer 
read off the turning points from the motionless dial of 
the photoelectric device, reading directly to thousandths 
of an inch and estimating tenths of thousandths of an 
inch, 


Interconnection of main components of the automatic 
reader for high-precision balances. 


| ‘ | 
| et 
| TO MIRROR ON 
| BALANCE BEAM 
| CONDENSER \ _! 
au LENS it 
faa VIBRATION 
| 
| 
| 
| 
| 


\ | AMPLITUDE 


FRICTION DISK \ | 


RUBBER TIRE abe 


\ 
READING TWO PHASE MOTOR \ / 


DEVICE 


\ 

{/ 

/ 
VIBRATING \ 
MIRROR 


TACHOMETER 


GENERATOR 3600 RPN 


MOTOR 


ELECTRONIC CIRCUITS 
Q 


60~ POWER LINE 
PHASE ADJUSTMENT 


ll 


Photoelectric reader is on table in foreground; balance 
(upper left) is manipulated by the long rods. Operator 
is noting turning-point position of balance beam as indi- 
cated on reader dial; dial remains stationary for a short 
interval after each turning point. Device can also pro- 
vide a continuous record of the motion of the balance 
beam. 
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Comparison of data obtained from simultaneous observa- 
tions of a high-precision balance by conventional visual 
method (open circles) and by use of photoelectric reader 
(black circles). A, observed left turning points. B, the 
corresponding computed values (using both left and 
right turning points) of the indicated mass. 
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45.6| 


BALANCE INDICATION, in, 


45.60 UNLOADED AND RELOADED 
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45.59 


: 


45.56 
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Mechanical difficulties in a high-precision balance indi- 
cated by use of automatic reader. Above, effects of a 
loose screw in the arrestment mechanism. Below, errors 
caused by misalinement of the load transfer mechanism. 


When plotted on a graph, the readings from the 
stationary dial lie on a relatively smoother curve, less 
disturbed by random fluctuations. The same result 
appears from a graph of the calculated balance indica- 
tions based on the two sets of readings, respectively. 

The reader is currently being used to evaluate me- 
chanical features that are under consideration for inclu- 
sion in a short-period high-precision automatic 
weighing system for which preliminary studies are 
under way. Already a number of useful results have 
been obtained. In one study, for example, the device 
has been used to show the effects of errors associated 
with a certain type of arrestment mechanism, while 
another has shown the reloading error in a balance of 
one design when operated without arrestment. 


* Further technical details are given in the paper, The 
observation and control of errors due to changing am- 
bient conditions during high-precision weighing experi- 
ments, by L. B. Macurdy, H. A. Bowman, and H. E. 
Almer, delivered December 30, 1958 at the Washington 
meeting of the AAAS, session on “Precision Measure- 
ments” conducted by the ISA. 
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[MEE BUREAU has contributed to the development 
of a recently adopted standard' on the measure- 
ment of the sound insulation of walls, floors, and doors. 
This is the first standard on the subject to be approved 
by the American Standards Association, although pre- 
viously a Recommended Practice,” issued by the Ameri- 
can Society for Testing Materials, existed. The new 
standard contains several improvements over the pre- 
vious Recommended Practice. 

In some countries, building codes contain require- 
ments for sound insulation, and this has generally led 
to standardization of the method of measurement. 
However, in the United States, building codes have 
traditionally included only requirements considered 
necessary to make buildings safe and sanitary. Thus, 
until recently, there has been no great demand in this 
country for a satisfactory standard method of measur- 
ing sound insulation. However, modern building tech- 
niques, with their emphasis on economy and 
light-weight construction, have tended to produce 
buildings with poorer sound insulation than formerly. 
As a result, the need for a satisfactory standard has 
become apparent. 

The development of the standard was sponsored by 
the Acoustical Society of America and worked out by 
a committee representing several laboratories interested 
in sound measurement.* The Bureau was represented 
by R. V. Waterhouse of the sound laboratory. 

In selecting a standard, the committee made use 
of results* obtained at the Bureau during 30 years 


Above: Reverberation chambers used for sound insula- 
tion measurements. In testing, a panel is sealed in the 
frame between rooms. The sound is generated on one 
side of the partition by four loud speakers (two are 
shown in foreground). The sound pressure is measured 
on boih sides of the panel by two sets of microphones 
(one set shown in background). 
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of sound-insulation measurement. The principles of 
the standard method were first presented by E. Buck- 
ingham in 1925. No fundamental changes have been 
made in his original analysis, but additional require- 
ments have been incorporated into the standard. 
Such specifications are necessary because measure- 
ment of the sound insulation of partitions presents some 
serious technical difficulties. These difficulties limit 
accuracy, producing different results for similar speci- 
mens tested by different laboratories ostensibly using 
the same method. 

One difficulty is the dependence of the sound in- 
sulation afforded by a panel on the angle of incidence 
of the sound. This is somewhat analogous to the trans- 
mission of a beam of light through a plate of glass, 
which also varies with the angle of incidence. For this 
reason, the standard requires the sound insulation to 
be measured when sound is incident uniformly from all 
angles on the panel surface, so that the most architec- 
turally useful figure will be obtained. 

Another difficulty is the production of such a sound 
field over the range of frequencies (125 to 4,000 cps) 
required. Large test chambers are needed to meet the 
requirement of uniformity. Also, the test panel must 
be at least 6 by 8 ft to avoid error due to “drumhead” 
resonances—the flexural resonances of the panel con- 
trolled by its size—which do not appear in full-size 
walls. 

A final difficulty is that of obtaining a simple figure 
for the over-all insulation of a panel. Sound insula- 
tion values are generally measured at 10 or more fre- 
quencies from 125 to 4,000 cps, the important part of 
the audible range. For a given panel, the values gen- 
erally vary considerably over this range. The problem 
then is to find a representative single figure for the 
sound insulation of the panel, based on the values at the 
different frequencies. The matter is complicated by 
the fact that the insulation which the panel affords 
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in practice depends on the spectrum of the noise pres- 
ent; also, the sensitivity of the ear varies with the fre- 
quency of the sound. 

In the American standard, the method used is to 
“average” the values (expressed in decibels) at the 
various frequencies. However, such an “average” is 
an inaccurate index of the useful over-all sound insula- 
tion for a panel. As it can lead to the use of a more ex- 
pensive and heavier construction than necessary, fur- 
ther attention will be concentrated on this aspect, in 
efforts to improve the standard.’ This point, along 
with impact insulation measurements is being consid- 
ered by a committee of the ASTM. Meanwhile, the 
new standard represents a useful advance over the 
former methods, and should prove most valuable in 
improving the reliability of measurements. 


* American standard recommended practice for labora- 
tory measurement of airborne sound transmission loss of 


Compressive Properties of 


Heek MANY YEARS, the Bureau’s dental research 
laboratory has investigated the basic properties of 
dental materials in cooperation with the American 
Dental Association and the Federal dental services. As 
part of this program, a study was recently undertaken 
by J. W. Stanford and G. C. Paffenbarger, research as- 
sociates of the American Dental Association, and J. W. 
Kumpula and W. T. Sweeney of the Bureau staff, to ob- 
tain precise data on the compressive properties of hu- 
man enamel and dentin.’ Data derived from the work 
will be used in evaluating dental filling materials, in 
designing cavity preparations, and in demonstrating 
physical changes in teeth. 

In the past, abundant information has been compiled 
on the properties of restorative materials used in den- 
tistry, but relatively few data have been published about 
hard tooth tissue, the foundation for these materials. 
An obvious explanation for this lack is the limited sup- 
ply of human enamel and dentin available, and the dif- 
ficulties inherent in testing small specimens. However, 
since a successful dental restoration depends equally on 
the restorative material and the tooth, knowledge of 
both is necessary. 

In the Bureau tests of human enamel, the highest 
strength, modulus of elasticity, and proportional limit 
were obtained for specimens of cusp enamel, the taper- 
ing projections on the crown of the tooth. Intermediate 
values for these properties were found for specimens 
prepared from the sides of the teeth; and lowest values 
for the occlusal surface or chewing part of molar teeth. 
Although dentin showed a higher compressive strength 
than did enamel, it had a lower modulus of elasticity. 

The specimens used in the tests were prepared from 
freshly extracted teeth. Made in the shape of cylinders 
0.044 in. in diameter and from 0.075 to 0.082 in. in 


14 


building floors and walls, No. Z24.19-1957. This stand- 
ard can be obtaind from the American Standards Asso- 
ciation, Inc., 70 East Forty-fifth St., New York, N. Y. 
(50 cents). 


*Recommended Practice for laboratory measurement 
of airborne sound transmission of building floors and 


walls, ASTM Designation: E90-55. 


°In addition to the Bureau, the sound laboratories of 
the Johns Manville Company, the Armour Research 
Foundation, and the Massachusetts Institute of Tech- 
nology were represented. 


* Theory and interpretation of experiments on the trans- 
mission of sound through partition walls, by E. Bucking- 
ham, Scientific Paper of the Bureau of Standards 20, 
193 (1925) ; Recent sound-transmission measurements at 
the National Bureau of Standards, by V. L. Chrisler and. 
W. F. Snyder, J. Research NBS 14, 749 (June 1935) ; 
Methods for determining sound transmission loss in the 
field, A. London, J. Research NBS 26, 419 (May 1941). 

°On standard methods of measurement in architec- 


tural acoustics, by R. V. Waterhouse, J. Acoust. Soc. of 
Am. 29, 544 (May 1957). 


Human Enamel and Dentin 


length, they were ground from block sections of 
enamel, dentin, and combinations of the two. All cut- 
ting and grinding operations were accomplished under 
a steady dripping of water on the field of cutting. 

After the specimen ends were made plane and 
parallel, the specimen was placed upright in a testing 
machine between two hardened steel platens. Because 
of the small size of the specimens, two optical strain 
gages had to be fastened across the specimen length on 
the sides of the platens (rather than on the specimen). 
These strain gages were used to determine the deforma- 
tion occurring in the specimens under load. In con- 
ducting the tests, the 0 to 1,000-lb range of a 2,000-Lb- 
capacity testing machine was used to measure the loads 
as they were applied. 


Compressive properties of human enamel and dentin 


Modulus Propor- Compres- 
Material of elas- tional sive 
ticity limit strength 
108 psi psi psi 
Enamel 
Cusp soe = eee eee 8.2 34, 200 40, 200 
Sideaee 22 ea... e eae mee 6.0 21, 200 28, 200 
Occlusal/surface 2. = 2-22 ess 1.8 15, 400 18, 200 
Dentin: 3 soe 28 ee 232 25, 100 50, 400 
Dentin and enamel_......--_--- 3.6 23, 900 34, 200 


The strain measurements included errors resulting 
from deformations in those portions of the steel platens 
within the gage length, and possible nonparallelism of 
the platens. To evaluate these errors, tests were con- 
ducted on metals for which the moduli of elasticity 
are well known. Small cylinders of carbon steel, 


NBS Technical News Bulletin 


aluminum alloy, and magnesium alloy, were prepared 
in a manner similar to that used in preparing the tooth 
specimens, and were tested in compression. The re- 
sults obtained with these metals were used to correct 
the experimentally determined moduli of elasticity of 
the hard tooth tissues. 

Stress-strain diagrams derived from the data showed 
an important difference between the enamel and the 
dentin. The enamel, largely inorganic, showed little 
plastic flow in comparison with the more organic den- 
tin. It was found that the more brittle enamel broke 
at a load slightly higher than its proportional limit, 
while the dentin exhibited plastic flow from its propor- 
tional limit of approximately 25,000 psi up to its com- 
pressive strength of approximately 50,000 psi. 
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Representative 
stress-strain diagram for 
dentin in compression 
shows a plastic flow in 
this organic 
above 25,000 psi. This 
is much greater than the 
plastic flow found for 
Righi: Repre- 
sentative stress-strain di- 
agram for enamel in 
compression. 
of the tooth; (2) sides ie 
of the tooth; and (3) 

occlusal surface or 

chewing part of molar 


Apparatus and specimen 
used to determine com- 
pressive properties of 
human enamel and den- 
tin. Because specimen 
measured only 0.044 in. 
in diameter and 0.082 
in. in length, strain 
gages had to be fastened 
together across speci- 
men length. 


The values found for dentin are comparable to 
values previously found by Peyton, Mahler, and 
Hershenov.? The crushing strength of both enamel 
and dentin earlier reported by G. V. Black * is not in- 
consistent with the values for compressive strength de- 
rived from the present study. 


*For further technical details, see Determination of 
some compressive properties of human enamel and dentin, 
by John W. Stanford, G. C. Paffenbarger, John W. Kum- 
pula, and W. T. Sweeney, J. Am. Dental Assoc. 57, 487 
(1958). 

* Physical properties of dentin, by F. A. Peyton, D. B. 
Mahler, and B. Hershenov, J. Dental Research 31, 366 
(1952). 

* Physical characters of the human teeth, by G. /. 
Black, Dental Cosmos 37, 353 (1895). 
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GRAPHICAL DIAGNOSIS OF INTERLABORATORY 
ESS 


AN SIMPLE WAY to analyze the discrepancies be- 
tween different testing laboratories that presum- 
ably use the same test procedures was recently worked 
out at the Bureau.t Devised by W. J. Youden of the 
applied mathematics laboratory, the method employs 
a graphical presentation of the test data which allows 
each laboratory to tell at a glance how its performance 
compares with that of others. The graph can point 
the way to corrective action to eliminate the bias, if 
any, in the technique used by a particular laboratory; 
or it may indicate the need for an improved test pro- 
cedure—one that lends itself better to uniform appli- 
cation by all laboratories. In addition, it provides an 
estimate of the precision of the test-procedure results. 


Discrepancies, Normal and Abnormal 


Duplication of tests by two or more laboratories is 
constantly being undertaken in science and industry 
in order to verify results, to detect systematic errors, 
and in general to monitor the techniques of measure- 
ment. Sooner or later all important results in the physi- 
cal sciences are checked by other laboratories. In 
industry, the same quality-control tests may be used by 
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Statistical design for diagnosing discrepancies in results 
from different testing laboratories. 
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the various plants of a single company and—perhaps 
alternatively—the same acceptance tests are performed 
by laboratories at different depots of the purchaser. 

In all such cases, discrepancies in the results from 
different laboratories are not only expected, but inevi- 
table. It is basic to all measurement processes (except 
those of the crudest sort or those involving only simple 
counting) that when the same procedure is repeatedly 
carried out on the same specimen with the same equip- 
ment and personnel, the results are not all identical, but 
are scattered over a certain range of values. When the 
same measurements are made by a number of different 
laboratories, using nominally identical equipment, the 
scatter is even greater. In any case, the more precise 
the procedure, the narrower the range of scatter. 

However, when the scatter is unusually large, or 
when a particular laboratory differs markedly from 
most of the others, something must be wrong. The 
problem—which the present method of analysis is in- 
tended to help solve—is to determine just where the 
difficulty lies. The difficulty may, in fact, be due to 
a number of factors, some of the most important being: 
(1) Intrinsic lack of precision in the procedure; (2) 
faulty technique in carrying out the procedure; (3) 
ambiguity or vagueness in the formulation of the pro- 
cedure, causing differences in the way it is applied by 
different laboratories; (4) differences in the specimens 
measured; and (5) simple mistakes, such as misread- 
ing a dial. 


Coordinating Industrial Tests 


The importance of identifying the factors responsible 
for the discrepancies is clear enough in scientific re- 
search. In industry, undiagnosed errors in the carry- 
ing out of quality-control tests and errors intrinsic to 
the test procedure itself are a severe handicap to efficient 
production. To allow for testing errors, the usual 
practice is to build more quality into the product than 
the specifications call for. The larger the test errors, 
the greater the amount of excess quality needed to 
insure that a reasonable proportion of the finished 
items will pass the tests—which are still based on the 
same specifications. Even a modest improvement in 
the precision or in the uniformity with which tests are 
carried out could thus lead to a substantial drop in 
costs. 

Under the stimulus of a high rate of new-product 
development, much attention has recently been given 
to the problem of coordinating quality-control or ac- 
ceptance tests in different laboratories. These schemes 
often use advanced statistical techniques to attack the 
problem with various degrees of thoroughness, but the 
practical results have been generally disappointing. 

Part of the difficulty seems due to the very sophistica- 
tion of the methods used. Though modern mathemati- 
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cal techniques have added many powerful tools to the 
statistical analyst’s arsenal, their use demands consider- 
able skill. In contrast, experience with the present 
method indicates that in a large majority of cases it 
provides data that “speak for themselves”. However, 
there are circumstances that require a more elaborate 
or comprehensive interlaboratory test design; but even 
in such cases the present method might well be used 
for a preliminary survey of the situation. 


The Statistical Design 


In the present statistical design, samples of two 
fairly similar materials, A and B, are sent to the various 
laboratories; and each laboratory is asked to carry 
out the test procedure on each sample. The test re- 
sults may be single readings or averages, provided that 
the same number of readings are used for each aver- 
age. (If there are only a few laboratories, a second 
pair of samples is distributed later; this is of advantage 
even when not required by the fewness of the labora- 
tories. ) 

When the results come in they are used to prepare 
a graph. The two test measurements from each labora- 
tory are interpreted as the coordinates of a single 
point; the «-coordinate is the test result on sample A 
and the y-coordinate the result on sample B. There is 
thus one point for each laboratory. 

A horizontal median line is then drawn; i. e., a line 
parallel to the x-axis and placed so that there are as 
many points above the line as there are below it. A 
second median line is drawn vertically; i. e., parallel to 
the y-axis and so that there are as many points to its 
left as to its right. 

For example, when two cement samples were sent to 
25 laboratories for tests of 7-day tensile strengths, 
the results gave the graph shown in the illustration 
(graph B). Here two of the laboratories were so defi- 
nitely separated from the other 23 that they were not 
used in locating the median lines. 


Interpretation of Graph 


The most important general feature of the graph is 
the way the points are distributed among the four 


quadrants into which the graph paper is divided by the 
median lines. If only random errors of precision were 
present the points should be equally numerous in all 
quadrants. 

However, in all cases to which the method has been 
applied thus far, there has been a more or less definite 
tendency for the points to concentrate in the upper 
right and lower left quadrants. In view of the way the 
points were obtained, this means that some labora- 
tories tend to get high results on both samples and 
other laboratories get low results on both samples. 
That is, it indicates the presence of individual 
laboratory biases. Evidence of this state of affairs is 
seen, for example, in the cement tests. 

The more pronounced the individual laboratory 
biases, the greater the departure from uniform, circu- 
lar distribution of the points about the intersection of 
the medians. Graph A illustrates a case in which the 
points (with a few exceptions) lie in a long narrow 
oval with its long axis at about 45° with the x-axis. 
These points were plotted from phthalic anhydride 
determinations reported by 15 laboratories on two 
samples of paint. 

Results of the kind shown in graph A suggest rather 
clearly that the test procedure needs more careful 
formulation. In its present form, the procedure is 
apparently open to individual modifications that pro- 
duce differences in the results obtained. Indeed, the 
more carefully each laboratory follows its own inter- 
pretation of the test procedure, the more closely the 
points will cluster along the 45° line. 


Deviant Laboratories 


Points that deviate far from the intersection of the 
medians tend to fall into two categories. Either they 
are far out but close to one of the median lines or they 
are far out but close to the 45° line (see e. g., graphs 
AandD). 

In the first case, the result is fairly good on one 
material and rather bad on the other. A single in- 
stance of this kind might be due to a simple mistake 
or blunder; but if the same laboratory obtains similar 
results in succeeding pairs of materials, carelessness 
may be the reason. 


A, Results of pihalic anhydride determinations reported by 15 laboratories on 2 samples of paint. 
tensile strength of two cement samples as reported by 25 laboratories. 


CaO in cement. 
samples. 
on second pair of samples. 


highest results. 


B, Plot of 7-day 
C, Determinations by eight laboratories of 


The number of laboratories being so few, each was asked to make determinations on two pairs of 
Hollow symbols show results for first pair and corresponding solid symbols show results of same laboratories 
Graph indicates that the test procedure is vulnerable to individual bias. 
the laboratories appear in the same region for both pairs. 


Thus, two of 
The “cirele” laboratory is very consistent, and gets the 


The “square” laboratory gets very low results and is not very precise as shown by the fact that its 
two points (hollow and solid squares) are farther apart than are the pairs for other laboratories. 


D, insoluble 


residue in two samples of cement as reported by 29 laboratories. If there are no systematic differences in the tech- 
niques used by the different laboratories, 95 percent or more of the points would be expected to fall inside the circle 


of radius 2.5 o. 
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A quite different explanation applies to a point far 
out on the 45° line. Here the laboratory in question 
is doing very consistent, careful work; but it has in- 
troduced some modification into the procedure so that 
the results are all too high (or too low). A thorough 
check on its procedure to discover the source of the 
bias is in order. 

In the copy of the interlaboratory test report that 
is sent to a particular laboratory, it might be helpful 
to circle its point in red. This would save the lab- 
oratory the trouble of consulting its files to locate itself 
and would present a vivid picture of its position in 
respect to the other laboratories. 

When an individual point is exceptionally far from 
the intersection of the medians, it is better not to 
compress the scale in order to include it in the graph. 
As was done in the example of the cement tests (graph 
B), such points should be ignored in locating the 
median lines. 


Estimating Precision 


The graphical presentation of test results, as de- 
scribed above, may also give information on the stand- 
ard deviation (oc) of a single result. An estimate of 
o can be obtained rather simply if it is assumed that: 
(1) The two materials are sufficiently alike so that the 
dispersion among the results for A should be about the 
same as that for B; and (2) the differences in pre- 
cision among the various laboratories are relatively 
unimportant in comparison to other sources of differ- 
ence. The first condition can be satisfied by proper 
choice of the materials, and experience shows that as 
a rule the second condition is then also fulfilled. 

One way to get the desired estimate, under the as- 
sumptions mentioned, is to find the average distance 
of the points from the 45° line through the intersection 
of the medians, and then to multiply this average by 


V7/2 or 1.2533. Alternatively, the same estimate can 
be found by simple numerical calculations from the 
given results for A and B, without having to measure 
distances on the graph. 

According to elementary statistical theory, a circle 
centered on the intersection of the medians and having 
a radius of 2.5 o should contain 95 percent or more 
of the points, provided there are no constant errors. 
Laboratories whose points fall outside such a circle 
almost certainly are erratic or are following a proce- 
dure which deviates substantially from that followed by 
the other laboratories. 


Possibility of Sample Variation 


Could a pattern of points like that of graph B be 
caused by differences in the samples? It is not diff- 
cult to see that the answer must be in the negative. 
If the stock from which the A samples were taken were 
inhomogeneous, and similarly for the B samples, then 


the pairs of samples distributed to the laboratories ‘ 


would be of four kinds: High in A, high in B; high 
in A, low in B; low in A, high in B; and low in A, 
low in B. 


18 


Since any one of these combinations is as likely to 
occur as any other, the points representing the test 
results should be nearly equally divided among the 
four quadrants. A concentration of points along the 
45° line cannot be charged to variation among the 
samples. 

However, if there is a roughly circular distribution 
of points, but with a disappointingly wide scatter, the 
diagram does not reveal whether this arises from 
sampling difficulties or from poor precision in testing. 
Further light on this problem can be obtained by a 
modification in the method of assigning samples. If 
there are 2N laboratories, N double-size samples of 
each material are prepared. By mixing or otherwise, 
it should be possible to divide each double-size sample 
into two closely matching halves. The samples are 
now distributed in such a way that if the two halves 
of a particular double sample of A go to laboratories 
X and Y, then these same laboratories receive the 
two halves of a double sample of B. 

If sample variation is the trouble, the points in the 
new graph will tend to appear as N closely spaced 
pairs—like double stars in the heavens. On the other 
hand, if the points corresponding to the two halves 
of a double-size sample are separated as much (on the 
average) as points from different double samples, the 
scatter cannot be ascribed to sample heterogeneity. 


Summary of Advantages 


The present interlaboratory test scheme requires of 
each laboratory the relatively light task of measuring 
only two samples; and the collation of test results 
involves a minimum of computation. Interpretation 
of the graph requires no professional statistical back- 
ground to follow the reasoning; yet it permits a fairly 
searching examination of the test procedure itself 
and of the way it has been carried out by the individual 
laboratories. 

Directions for improvement are clearly indicated. 
A long narrow ellipse directs attention to a more care- 
ful description of the procedure or even to the need 
for its modification. Points far out and near one of 
the medians indicate erratic work; points far out 
along the 45° line are strong evidence of deviations 
from specified procedure. Use of a circle with a radius 
of 2.5 o shows the individual laboratory whether or 
not its technique has in some way become saddled with 
a substantial constant error. Experience has already 
shown that a certain few laboratories turn up all too 
frequently in the most distant positions from the inter- 
section of the medians. Improved performance from 
those laboratories may go far to restore confidence 
in a test procedure. 


‘ For further technical details, see the following articles 
by W. J. Youden in Industrial and Engineering Chem- 
istry: Presentation for action 50, 734A (August 1958) ; 
Product specifications and test procedures 50, 91A (Oc- 
tober 1958); Circumstances alter cases-50, 77A (De- 
cember 1958); What is a measurment? 51 (February 
1959, in press). 


NBS Technical News Bulletin 


SCHOONOVER 
NAMED 
ASSOCIATE 
DIRECTOR 


D* IRL C. SCHOONOVER has been appointed 
Associate Director for Planning. He has been 
serving in an acting capacity in this position since 
May 1957, when he succeeded Dr. N. E. Golovin, 
who was appointed Chief Scientist of the Army’s 
White Sands Proving Ground. Dr. Schoonover is 
continuing to serve as Chief of the Mineral Products 
Division, a position he has held since August 1954, 

As Associate Director for Planning, Dr. Schoon- 
over is the principal staff advisor to the Director on 
program development, coordination, and evaiuaiion. 
He has been giving special attention to the long- 
range activities of the Bureau in relation to the needs 
of science and technology. Among these activities 
is a program for the establishment of a research 
atomic reactor at the Bureau. This equipment will 
enable the Bureau to develop standards in this area. 

As Chief of the Mineral Products Division, Dr. 


Schoonover played an important part in strengthen- 


ing the Division’s program of basic research on 
properties of materials, particularly at extremely 
high temperatures, where information is urgently 
needed. In 1952 he helped to organize and was the 
first Chief of the Polymer Structure Section. From 
1945 to 1952 he was Chief of the Dental Materials 
Section. 

During World War II, Dr. Schoonover was loaned 
by the Bureau to the Los Alamos Scientific Lab- 
oratory, where he made important contributions in 
the field of refractory materials used in atomic 
weapon research. In 1946 he received the superior 
accomplishment award from the Department of 
Commerce for this work. 

Born in Belington, West Virginia, Dr. Schoonover 
received his B. S. from George Washington Univer- 
sity in 1929, and his M.S. and Ph. D. degrees from 
Princeton University in 1931 and 1933, respectively. 
While at Princeton he held a Merck Fellowship. 
Except for the time at Princeton and a year as Pro- 
fessor of Chemistry at Davis and Elkins College in 
1933, Dr. Schoonover has been employed by the Bu- 
reau since 1928. 

He has served in the American Chemical Society 
as a member of the national council, and as secre- 
tary and chairman of the local section. He has 
been vice-president and chairman of the awards 
committee of the Washington Academy of Sciences. 
He is also a member of the American Ceramic So- 
ciety, the Cosmos Club, and Alpha Chi Sigma, the 
national chemical fraternity. 
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